Carpal tunnel syndrome is one of the most common peripheral neuropathies. It affects mainly middle aged women. In the majority of patients the exact cause and pathogenesis of CTS is unclear. Although several occupations have been linked to increased incidence and prevalence of CTS the evidence is not clear. Occupational CTS is uncommon and it is essential to exclude all other causes particularly the intrinsic factors such as obesity before attributing it to occupation. The risk of CTS is high in occupations involving exposure to high pressure, high force, repetitive work, and vibrating tools. The classic symptoms of CTS include nocturnal pain associated with tingling and numbness in the distribution of median nerve in the hand. There are several physical examination tests that will help in the diagnosis of CTS but none of these tests are diagnostic on their own. The gold standard test is nerve conduction studies. However, they are also associated with false positive and false negative results. The diagnosis of CTS should be based on history, physical examination and results of electrophysiological studies. The patient with mild symptoms of CTS can be managed with conservative treatment, particularly local injection of steroids. However, in moderate to severe cases, surgery is the only treatment that provides cure. The basic principle of surgery is to increase the volume of the carpal tunnel by dividing transverse carpal ligament to release the pressure on the median nerve. Apart from early recovery and return to work there is no significant difference in terms of early and late complications and longterm pain relief between endoscopic and open carpal tunnel surgery.
INTRODUCTION
Carpal tunnel syndrome (CTS) is one of the most common upper limb compression neuropathies [1] [2] [3] [4] [5] . CTS account for approximately 90% of all entrapment neuropathies. It is due to an entrapment of the median nerve in the carpal tunnel at the wrist (Figure 1 ). An estimated one million adults from the United States (annually) have CTS requiring medical treatment 6 and the cost to the Health Care system is high. In 1995, Palmer et al estimated that between 400,000 and 500,000 cases of CTS require operative treatment annually in the States, with an economic cost in excess of $2 billion per year 7 . The surgical decompression rates for UK are 43 to 74 per 100,000 per year 8. The incidence and prevalence varies, 0.125% -1% and 5 -16%, depending upon the criteria used for the diagnosis 6, [9] [10] [11] [12] [13] [14] . It is a condition of middle-aged individuals and affects females more often than males. Since its first description by Phalen in the 1950s 15 , several studies have reported marked female preponderance and a peak incidence around 55 to 60 years 6, 11, 16 . In the first population based study, Stevens et al noted that the mean age at diagnosis was 50 years for men and 51 years for women 11 . In a recent surveillance study from Canterbury and Huddersfield, UK, Bland et al reported an annual incidence of 139.4 cases per 100,000 in females and 67.2 cases per 100,000 in males, with a female to male ratio of 2.07 17 .
It is one of the most widely recognised occupational health conditions; particularly in industries where work involves high force/pressure and the repetitive use of vibrating tools. Einhorn and Leddy estimated an incidence of 1% in the general population and 5% of workers in certain industries which require repetitive use of the hands and wrists 12 . In 1999, the US Bureau of Labour Statistics, reported that the median number of days away from work was highest for CTS (27days) when compared to any other major disabling illnesses and injuries 18 . In addition, estimates by the National Institute for Occupational Safety and Health (NIOSH) suggest that 15 to 20% of Americans are at risk of developing Cumulative Trauma Disorders (CTDs) 19 .
AETIOLOGY
There are two distinct varieties of CTS -acute and chronic. The acute form is relatively uncommon and is due to a rapid Philadelphia: Lea & Febiger, 1918.) and sustained rise of pressure in the carpal tunnel. This is most commonly associated with a fracture of the radius as Sir James Paget described in 1854 19 . It is also associated with burns, coagulopathy, local infection and injections. The chronic form is much more common and symptoms can persist for months to years. However, in only 50% of cases is the cause identified, and can be divided into local, regional and systemic causes as summarised in Table I . Carpal tunnel syndrome is common in pregnant women 20-23 . It is commonly diagnosed during third trimester of pregnancy and it is often bilateral. In the majority of patients symptoms will resolve either spontaneously or will respond to conservative treatment after delivery 20,24,25. 
ROLE OF OCCUPATION
CTS is the most common form of Repetitive Trauma Disorder (RTD). In 1995, there were approximately 308,000 traumarelated musculoskeletal disorders, representing nearly 62% of all occupational illness cases reported to the US Bureau of Labour Statistics 26 . Brain et al were the first to implicate occupation as a causal factor in CTS 27 . At risk occupations include, grinders, cashiers, and meat packers, workers sewing car seats, aircraft engineers, grocery store workers, and small part assembly liners.
The physical factors implicated and extensively studied in relation to occupational CTS include repetition, force, posture, external pressure, and vibration. Repetition is the most widely recognized risk factor for occupational CTS. In epidemiological studies high repetition is defined either by the frequency of the task or the percentage of time spent on repetitive work. A high repetitive job is defined as one which involves the repetitive use of awkward wrist movements lasting less than 30s or when more than 50% of work time is spent performing tasks that involve repetitive awkward wrist movements 28 .
Experimental studies have shown a higher incidence of CTS in workers who are involved in high force and repetitive work compared to workers who are not [28] [29] [30] [31] . Silverstein et al examined the association between high force / repetitive movements and CTS among 652 workers from 39 jobs from seven different industrial areas 28 . The authors noted a prevalence of 5.6% among workers in high force and high repetitive jobs compared to 0.6% among workers in low force and low repetitive jobs. The authors showed occupation to be a risk factor only when high force and high repetition are present, but the accuracy of their estimated ratio of 15.5 (95% confidence interval, 1.7-141.5) suffered from a small sample size. High repetitiveness seems to be a greater risk factor than high force but neither was statistically significant alone 28 . In a case-control study, Armstrong & Chaffin compared patients with CTS to asymptomatic people amongst 18 sewing machine operators and noted that cases that used pinch grip (opposition of the thumb and the distal joints of four fingers) exerted more force than controls 32 . The authors also noted that cases tended to use non-neutral postures more often and exerted more force in these postures 32 
.
Several epidemiological studies have shown that force is an independent risk factor for CTS, but the dose-response relationship is not clear. In a cross-sectional study by Latko et al, a dose-response relationship was observed between the prevalence of CTS and level of repetition 33 . In the study by Silverstein et al 28 force was a weaker risk factor than repetition, but in the report by Chiang et al 29 force was a stronger risk factor than repetition. Force and repetition increased the risk of CTS in a cumulative way in the Silverstein study. The odds ratio for high force and high repetition group was 15.5 in the Silverstein study. However, Chiang et al showed odds ratio for repetition was 1.1 and did not find a significant association between repetition and force 29 .
Several studies examining carpal tunnel pressure (CTP) in healthy subjects indicate that the greatest increase in CTP occurs following wrist flexion and extension 34, 35 . In an experimental study on 17 healthy volunteers, Rempel et al measured intra-compartmental pressures using a saline filled catheter introduced into the carpal tunnel 36 . The authors noted highest mean intra-compartmental pressure (55mm Hg) 36 . In a review of 15 cross-sectional studies involving 32 occupational or exposure groups and six-case studies, Hagberg et al noted a high prevalence of CTS in occupations requiring high force and high repetitive manual movements 37 . In a review, NIOSH found a strong association between physical factors such as force, repetition, and vibration but did not find a stronger association between non-neutral postures and CTS 38 .
B. Regional causes
Occupational risk factors alone do not explain the occurrence of CTS and it is proposed that a combination of several factors is involved. The majority of CTS is attributable to patient related factors (intrinsic risk factors). Several studies have noted that the occurrence of CTS is correlated with unhealthy habits and lifestyle 39, 40 . This was supported by an analysis that showed that 81.5% of the explainable variation in electro-physiologically defined CTS was attributable to body mass index, age, and wrist depth to width ratio, whereas only 8.29% was due to job related factors 41 . In a study comparing workers with and without CTS, Nathan and colleagues noted that there was a 19% greater lifetime use of tobacco, 75% greater history of alcohol abuse, and 5% greater use of caffeine in workers with CTS 36 . Furthermore, the authors reported that, current tobacco, caffeine, and alcohol consumption independently predicted 5% of the risk for CTS in female workers 42 . Several studies have noted high incidence of CTS in patients with high body mass index 39, 43- 
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. Garland et al found that gender was a more predictive risk factor for CTS than exposure to high risk occupations 46 . In a series of 654 hands with CTS, Phalen did not observe any relation between CTS and occupation. Furthermore, he argued that occupational trauma is seldom the precipitating factor in the production of CTS 15 . It is important to establish the nature of risk factor and the interaction between intrinsic and extrinsic factors. In a longitudinal study of predictors of CTS in industrial workers over a period of 17yrs, Nathan et al did not find an obvious relationship between the incidence of carpal tunnel syndrome and repetitive work. However, the authors noted high incidence of carpal tunnel syndrome in overweight people and in females 47 .
One of the major drawbacks of studies that show a positive association between occupation and CTS is the wide variety of criteria used to diagnose CTS. Studies conducted in the 1980s depended on patients' self-reported symptoms and physical signs to establish the diagnosis of CTS. Physical signs in CTS have poor reproducibility and poor correlation with symptoms. Ideally, the diagnosis of CTS should be based on combination of symptoms, physical signs and nerve conduction studies. Furthermore, studies relied upon patients to report the degree of occupational exposure. Spielholz et al showed that direct observation and direct measurement of working practices are much more reliable methods of assessment of occupational exposure leading to CTS 48 . The most often sited publication linking the occupation exposure to high repetitive and force and the increased incidence of CTS relied on patient reported symptoms and physical examination for the diagnosis of CTS. Furthermore, the authors also did not define what constitutes high force and repetition 28 .
Despite the use of much more rigorous methods to establish the diagnosis of CTS, conflicting results were published in the 1990s linking occupation and CTS. Stetson et al examined workers from several industries and noted significantly lower sensory amplitudes and longer motor and sensory latencies on nerve conduction studies in occupations involving high repetition and force 49 . Osorio et al studied 56 grocery store workers and found strong associations between forceful and repetitive wrist movements and the prevalence of CTS 50 . However, several other studies did not find any substantial evidence linking specific occupations and the prevalence or severity of impaired sensory conduction of the median nerve at the carpal tunnel 42, 51 . Moore and Garg et al videotaped work practices of workers from a pot-processing factory. The authors subsequently reviewed workers' medical records and identified all patients with various upper limb neuropathies including CTS. The authors found no significant association between ergonomic factors and the CTS (Relative risk = 2.8, P = 0.44, 23) 52 . However, the most recent systematic literature review on the role of occupation in carpal tunnel syndrome by Palmer et al, found that the regular use of hand-held vibrating tools increased the risk of CTS by more than 2-fold 53 . The authors also found substantial evidence for high risk of CTS in occupations requiring high repetitive flexion and extension at wrist and also forceful grip 53 . However, the authors did not find evidence between the work on keyboard and computers and CTS.
PATHOPHYSIOLOGY
The exact pathogenesis of CTS is not clear. Several theories have been put forward to explain the symptoms and impaired nerve conduction studies. The most popular ones are mechanical compression, micro-vascular insufficiency, and vibration theories. According to mechanical compression theory, symptoms of CTS are due to compression of the median nerve in the carpal tunnel. The major drawback of this theory is that it explains the consequences of compression of the nerve but does not explain the underlying aetiology of mechanical compression. Brain and colleagues attributed the symptoms of CTS to spontaneous median nerve compression in the carpal tunnel 27 . The term 'spontaneous' was used due to lack of clear association between wrist joint deformities and symptoms. The compression was believed to be mediated by several factors such as exertion strain, overuse, hyperfunction, repeated or prolonged wrist extension, prolonged grasping of tools, and unaccustomed manual work 27 .
The micro-vascular insufficiency theory proposes that the lack of blood supply leads to depletion of nutrients and oxygen to the nerve causing it to slowly lose its ability to transmit nerve impulses. Scar and fibrous tissue eventually develop within the nerve. Depending on the severity of injury, changes in the nerve and muscles may be permanent. The characteristic symptoms of CTS, particularly tingling, numbness and acute pain, along with acute and reversible loss nerve conduction are thought to be secondary to ischemia of the affected nerve segment. Seiler et al showed (by laser Doppler flowmetry) how normal pulsatile blood flow within the median nerve www.ums.ac.uk was restored within 1 min of transverse carpal ligament release. The authors concluded that ischemia likely plays a significant role in the aetiology of CTS 54 . A number of experimental studies support the theory of ischemia due to externally applied compression and due to increased pressure in the carpal tunnel 30 . The development of ischemia and, therefore, symptoms, will vary according to the integrity of the blood supply of the nerve and the systolic blood pressure. Kiernan et al found that the conduction slowing in the median nerve can be explained by ischemic compression alone and may not always be attributable to disturbed myelination 55 .
Tucci et al noted five times higher levels of interleukin-6, maloionaldehyde bis-(diethyl acetal) and prostaglandin E2 at the time of surgery in patients with CTS compared to asymptomatic volunteers 56 . The authors concluded that such alteration may be the result of oxidative changes following repetitive ischemia and reperfusion injury.
According to the vibration theory the symptoms of CTS could be due to the effects of long-term use of vibrating tools on the median nerve in the carpal tunnel 30 . Lundborg et al noted epineural oedema in the median nerve within days following exposure to vibrating hand-held tools. Furthermore, the authors also noted similar change following mechanical, ischemic, and chemical trauma. Interestingly, the authors also report animal studies that show a temporary accumulation of smooth axoplasmic structures and deranged axoplasmic structures following a short exposure to a vibrating force 57 . These changes were first noted in unmyelinated fibres that serve sympathetic activity; a loss of which could reduce micro-vascular flow to the median nerve leading to disruption of its myelin sheath and decreased motor conduction velocity 57 .
CLINICAL FEATURES
The symptoms vary depending upon the severity of the disease. In early stages, patients usually complain of symptoms due to the involvement of the sensory component of the median nerve and only later report symptoms from involvement of motor fibres. The most common symptom is burning pain associated with tingling and numbness in the distribution of median nerve distal to wrist. The portion of the hand involved is classically the thumb, index and middle fingers, and radial half of the ring finger. Patients are often awoken by pain in the middle of the night and report hanging their hand out of bed or shaking it vigorously in order to relieve their pain. Patients may report pain, tingling and numbness of the whole hand, but careful questioning will identify that the little finger is rarely involved as it is innervated by the ulnar nerve. Occasionally, however, all five fingers can be involved if the ulnar nerve is affected at same time. Symptoms of nocturnal paraesthesia are reported to be 51-96% sensitive and 27-68% specific [58] [59] [60] [61] . Less common symptoms include a feeling of clumsiness and weakness in the affected hand that is often made worse by activity or work. Patients may also complain of pain radiating to the forearm, elbow or even the shoulder. In some patients shoulder pain may be the presenting symptom but they will never have any objective evidence of sensory changes above the wrist. In Kendall's series of 327 patients, 313 (95.7%) reported paresthesia; 118 (38%) reported nocturnal symptoms only, 178 (58%) reported symptoms during the day and night, but worse at night, and 17 (5%) reported symptoms during the day only 62 . In the Yamaguchi et al series, 99% of the 433 surgical patients reported paresthesia 63 . In Phalen's experience, the typical history was that of a gradual onset of numbness and paresthesia 15 .
SIGNS
Several tests have been described which help in the diagnosis of CTS. None of these tests are diagnostic on their own. Most of the tests are complementary to each other rather than diagnostic of CTS. A combination of symptoms, signs and diagnostic tests should be taken into account when the diagnosis of CTS is made. The presence or absence of characteristic physical findings has limited diagnostic value. The various tests are Tinel's sign, Phalen's sign, square wrist sign, closed fist sign, flick sign, Katz hand diagram, flexion and extension of wrist test, pressure provocation test, and tourniquet test. There are limited studies that have evaluated the diagnostic use of square wrist sign, flick sign, closed fist sign, and tourniquet test and hence these tests are not discussed in detail in this article. However, it is sufficient to say that prior to routine use of these tests; further evidence is required to support their effectiveness in the diagnosis of CTS. Diminished pinprick sensation (hypalgesia) in the distribution of median nerve compared to the pinprick sensation over the ipsilateral little finger is a very useful diagnostic test in patients with CTS than abnormalities of other sensory modalities.
Tinel's sign
In this test, the examiner taps lightly over the site of the median nerve at the distal wrist crease. Development of tingling or discomfort in the fingers supplied by the median nerve constitutes a positive sign. Tinel described this sign in 1915 64 . He noted that a tingling sensation occurred when an injured nerve was percussed over its proximal stump and speculated that this was a sign of axonal degeneration and intended his sign to be used in patients after blunt traumatic injury to follow the course of the regenerating nerve [65] [66] [67] . Tinel's sign is not a precise test and several factors can influence the outcome of the test. Firstly, its efficacy is reduced, as patients with CTS will have continually regenerating nerves at the distal wrist crease. The other limiting factor is the amount of pressure used to elicit the sign. Testing technique is important when the physician is eliciting Tinel's sign, and subtle differences in test performance probably account for some of the discrepancies in reported prevalence. It is difficult to quantify precisely how much pressure should be used to elicit the sign. The use of too much force or a sharp blow over a normal median nerve will produce finger tingling. This must not be interpreted as the presence of Tinel's sign. The Tinel's sign is associated with sensitivities of 23% to 67%, and specificities of 55% to 100% 59, 60, 65, [67] [68] [69] [70] [71] . In a review, Kuschner et 
Katz hand diagram
This is a self-administered diagram, which depicts both the dorsal and palmar aspect of the patient's hands and arms. Patients use this diagram to mark the specific location of their symptoms, characterising them as pain, numbness or tingling, or other. The diagnosis is graded as classic, probable, possible or unlikely to be CTS based on criteria that appear in the hand diagram 60, 76 . In diagrams classified as classic or probable the sensitivity of the test is 80% and the specificity is 90% for the diagnosis of CTS 76, 77 . Katz himself reported a sensitivity of 64% and a specificity of 73% 76 .
Square wrist sign
Kuhlman et al reported that a square-shaped wrist, where the anterior-posterior dimension of the wrist (at the distal wrist crease) divided by the medio-lateral dimension is greater than 0.70 65, 78 and weakness of the abductor pollicis brevis were the two most sensitive signs (69 and 66% respectively). This test is associated with a sensitivity of 47% to 69% and specificity of 73% to 83% 65, 78 .
The tethered Median Nerve stress test
LaBan described this test in 1986. It is performed by hyperextending the supinated wrist and the distal interphalangeal joint of the index finger for a minute. Patients with chronic carpal tunnel syndrome experience pain on the volar aspect of proximal forearm 79 . LaBan noted that hyper extension of index finger causes distal excursion of the median nerve more than hyperextension of the adjacent fingers 80 . Raudino evaluated this test in 140 patients with electro-physiologically confirmed CTS and noted that the test was positive in 60 hands (42.8%) compared to the 56.4% positive rate with Phalen's sign and 42% positive rate with the Tinel's sign 81 .
Pressure provocation test
A positive result in this test is the presence of pain, tingling and numbness in the distribution of the median nerve when the examiner presses with his/her thumb on the palmar aspect of the patient's wrist at the level of the carpal tunnel for 60 seconds. The test is seldom positive. The reported sensitivity is between 28% and 63% and specificity is between 33% and 74% 59, 65, 72, 73 .
Tourniquet test
A positive result is the development of paresthesia in the distribution of the median nerve when a blood pressure cuff around the patient's arm is inflated to above systolic pressure for a minute or two. The irritated and compressed median nerve is thought to be more susceptible to ischemia than the normal median nerve. However, even normal individuals can also develop the same symptoms and it is difficult to evaluate, especially in mild cases of CTS. The tourniquet's test sensitivity lies between 21% and 52% with a specificity between 36% and 87% 59, 69 .
MOTOR EXAMINATION
Thenar atrophy is a late sign and signifies significant functional loss. Finger weakness associated with an inability to pinch or frequent dropping of grasped objects follows involvement of the motor component. Long-term involvement leads to thenar muscle atrophy (Figs 2 and 3 ) with associated loss of thumb abduction and opposition strength. Diminished sensation to pinprick in the median nerve distribution always precedes thenar atrophy. Thenar atrophy is seldom noticed by patients and may not be obvious even to the examiner when examined by looking down onto the palm. However, it will be readily appreciated by comparing both palms together (Fig  2) 
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. In Phalen's series the atrophy of abductor pollicis brevis, opponens pollicis and flexor pollicis brevis was noted in 41% of hands 15 . Abductor pollicis brevis is the most commonly affected muscle and testing its function is useful in making the diagnosis of CTS.
DIAGNOSIS
Symptoms are often difficult to interpret in patients with CTS. Patients often have difficulty in describing their symptoms, and physicians may have difficulty in interpreting the symptoms. Self-administered tests, such as the Katz diagrams may help reduce these potential sources of errors and bias. The combination of clinical symptoms and signs with electro-diagnostic findings is the most valid way of diagnosing CTS 15, 82, 83 .
The role of Nerve Conduction Studies
The nerve conduction studies (NCS) measure the sensory and motor nerve conduction velocity in the median nerve at the level of the wrist. The sensory component of the median nerve is affected much earlier than the motor component and in early stages of CTS there is usually a delay in the sensory nerve conduction velocity. Sensory nerve conduction delay is measured by placing an electrode near the base of the ring finger following which the median nerve is stimulated approximately 13cm proximal to the recording electrode. The antidromic sensory potentials are recorded and measured. The motor nerve conduction velocity from elbow to wrist is measured using surface electrodes.
Median nerve conduction studies are the gold standard diagnostic tests with sensitivities between 49% and 84% and specificities of 95% and 99% [84] [85] [86] . In entrapment neuropathies there will be a delay in the conduction velocity at the point of compression due to the demyelination of the nerve. In patients with clinical symptoms suggestive of CTS with normal sensory conduction velocity, measurement of both motor and sensory conduction velocity increases the diagnostic yield by 10% 87 . Chang et al found that, in patients with normal sensory and motor conduction velocities, measuring the latency between the median and ulnar nerve for the ring finger and comparing it to the median and radial nerve latency for the thumb increases the diagnostic yield by another 10% 87 .
NCS not only allow a diagnosis of CTS but also help in the diagnosis of other conditions presenting with similar symptoms e.g. cervical radiculopathy, polyneuropathy, other median nerve entrapment syndromes 74, [88] [89] [90] .
Although nerve conduction studies are the gold standard test for the confirmation of diagnosis of CTS, they have certain limitations. A small percentage of asymptomatic individuals can have positive NCS. Similarly, a small percentage of patients can have negative NCS despite symptoms suggestive of CTS. Atroshi et al randomly surveyed 2466 individuals in Sweden to find out the incidence of CTS in general population 9 . 14.4% complained of pain, tingling and numbness in the distribution of the median nerve. However, only 4.9% of individuals with neuropathic symptoms had positive NCS. Furthermore, 18% of asymptomatic subjects had abnormal NCS 9 . Bingham et al examined 1021 applicants for industrial jobs and noted that 17.5% of the job applicants had abnormal NCS 91 . However, only 10% of these applicants actually had symptoms suggestive of CTS. In severe CTS cases, NCS results may not correlate with the clinical findings due to the varying nature of the impairment in different nerve fibres. In addition, nerve conduction studies will not accurately predict the recovery following release of the carpal tunnel, though neither do any of the other investigations predict this with any certainty 91 . Therefore these studies suggest that NCS alone should not be used to diagnose, rather it should be based on presence of clinical symptoms, physical findings and positive nerve conduction studies taken together.
The role of ultrasound in the diagnosis of carpal tunnel syndrome
The diagnosis of CTS is based mainly on clinical symptoms and signs and nerve conduction studies. However, as 13-27% of patients will have a normal NCS 92 , alternative diagnostic tests such as ultrasound (US) and magnetic resonance imaging (MRI) are useful.
In a prospective study, Keles examined the role of US in 35 patients with a NCS confirmed diagnosis of CTS and compared it to 40 normal wrists. US measured the crosssectional area (CSA) of the median nerve, bowing of the flexor retinaculum (FR) and flattening of the flexor retinaculum 93 . The CSA of the median nerve and bowing of the FR were significantly increased in patients with NCS positive CTS when compared to controls. The flattening of the FR had no correlation with diagnosis of CTS. Koyuncuoglu studied the role of US in 59 patients with clinical diagnosis of CTS with negative NCS findings by comparing their results with US findings in 30 normal wrists. They found a CSA of larger than 10.5mm in 18 patients compared to one wrist in the control group 94 . El Miedany et al compared the results of US with NCS in a group of patients with CTS against a control group and observed a high degree of correlation between the US findings and NCS in diagnosing and in assessing the severity of CTS. US also helped to identify the underlying cause of CTS and thus facilitated planning of treatment 95 .
TREATMENT
There are several treatment options and they can be broadly categorised into surgical and non-surgical. Non-surgical methods are effective in patients with mild to moderate CTS. They are indicated in patients with no muscle weakness or atrophy, absent denervation (on electromyography needle examination), and with only a mild abnormality on nerve conduction studies 96 . Pregnant women with CTS rarely require surgical treatment. In the majority of patients symptoms will resolve either spontaneously or will respond to conservative treatment after delivery [23] [24] [25] .
The various non-surgical methods include: use of hand brace, splinting of the wrist, ultrasonic therapy, laser therapy, oral steroids, non-steroid anti-inflammatory drugs (NSAIDs), oral vitamin B6, local injection of corticosteroids with, or without, insulin, work place modifications and yoga etc. Description of the role of each type of non-surgical treatment option is beyond the scope of this review. In the recent Cochrane review, O'Connor et al looked at the available evidence about the role of various non-surgical treatment options in mild to moderate CTS 97 . They concluded that a significant short-term benefit could be gained with oral steroids, wrist splinting, local ultrasound therapy, yoga and carpal bone mobilization. However, the authors did not find any evidence to support the role of other treatment methods such as the use of a hand brace, exercises, usage of ergonomic key boards, oral diuretics and oral NSAIDs 97 .
Steroid injection into the wrist is often successful. It may cause symptoms to worsen temporarily but can produce complete or significant pain relief in 60 to 70% of patients for weeks to years 96, [98] [99] [100] . In a randomized, single blind controlled study Hui et al evaluated the role of steroid injection in patients with idiopathic CTS confirmed by NCS 101 . The primary outcome of the study was symptomatic relief measured by a global symptom score, which rated symptoms on a scale of 0 (no symptoms) to 50 (most severe). The authors randomized 50 patients, 25 into steroid and 25 into the open surgical group. The authors noted greater symptomatic relief in surgical group at 20 weeks follow-up. Furthermore, surgical decompression resulted in greater improvement in median nerve distal motor latencies and sensory nerve conduction velocity 101 . One of the major complications of steroid injection is iatrogenic injury to the median nerve. The safest location of injection is not clear. Though Racasan et al report that the safest location for the steroid injection is through the flexor retinaculum tendon 102 . Agarwal et al evaluated the role of methyl prednisolone acetate injection in 40 patients with mild idiopathic CTS. Patients were evaluated at 3 and 12 months 103 . The authors noted marked improvement of symptoms in 93.7% patients at 3 months follow up. Furthermore, they also found a significant improvement in the mean values of the distal motor and sensory latency at the wrist at 3 months. At 16 months median follow up 79% continued to have improvement in their symptoms and only 16.6% patients suffered a relapse of their symptoms following an initial response 103 . In a randomized controlled trial, Ly-Pen et al compared the role of local steroid injection with open surgery. The authors noted that local steroid injection was better than surgical decompression for the symptomatic relief from nocturnal paresthesia at 3 and 6 months. At 12 months follow up local steroids injection was as effective as surgical decompression 104 .
Surgery
Surgery consists of division of transverse carpal ligament. 106 . The classic OCTR uses a curved longitudinal inter-thenar incision, approximately 4 to 5 cm in length 107 . It involves opening of subcutaneous tissue, superficial fascia and transverse carpal ligament and 2 to 3 cm of distal forearm fascia under direct vision. The canal also inspected for mass lesions and anatomical abnormalities.
Open carpal tunnel release is easy to perform and in majority of patients it leads to good symptomatic relief with a low complication rate. In a series of 32 patients who underwent OCTR over a period of four years, 88% of patients reported good functional and symptomatic improvement 108 . The well recognised early complications are incomplete release of TCL, neuropraxia or injury to the median or ulnar nerve, inadvertent entry to Guyon's canal (the tunnel between the pisiform and hamate bone and the ligament connecting both bones), injury to the palmar cutaneous or recurrent motor branch of the median nerve and injury to the superficial palmar arch or ulnar artery 109 . These complications are rare as surgery is performed under direct vision. The late complications are scar tenderness, loss of grip strength, pillar pain, and rarely reflex sympathetic dystrophy and bow stringing of flexor tendons. Pillar pain is a frequent complication of both open and endoscopic release procedures. The pillar pain is characterised by pain or tenderness in the thenar or hypothenar eminence or radial and ulnar tenderness. The incidence varies between 6 and 36% 110, 111 . It delays resumption of daily activities, return to work, and causes emotional distress all leading to an increased cost to health care system 112 . The exact aetiology of pillar pain is not clear. However, the pain could be secondary to alteration of the carpal arch structures 113 , oedema of the tissues superficial to TCL, injury to the cutaneous branches of the palm 114 , or could be due to relaxation of the muscles of opposition and pinch following sectioning of TCL 115 .
To minimise post-operative complications and reduce length of hospital stay, several modifications to the length, location and shape of the incision in OCTR have been described . The overall success rate of OCTR is more than 95% with a complication rate of less than 3% 117 . Studies have found no difference between patients who undergo bilateral simultaneous OCTR when compared to patients who undergo consecutive operations in terms of the post-operative complication rate, hospital stay, time to return work and the overall cost 118 .
As in other fields of surgery, less invasive techniques have been introduced into carpal tunnel surgery to facilitate earlier return to work and reduce post-operative pain and the first endoscopic carpal tunnel release was performed by Okutsu . These findings have been replicated by another meta-analysis study of randomized controlled trials comparing endoscopic and open carpal tunnel decompression which also found no conclusive evidence favouring ECTR with regard to symptom relief and return to work 123 . However, they found that ECTR was associated with reduced scar tenderness and increase in pinch grip and pinch strength at 12 weeks follow up 123 .
Evaluation of response following surgery
One of the major problems in assessing the effectiveness of various treatment methods is a lack of agreed outcome assessment criteria. Several outcome assessment measures have been used to measure the outcome or effectiveness of treatment and can be broadly divided into those that assess patient bodily activities and function and those that assess activity and participation. The most commonly used are selfreported symptoms questionnaires, hand diagrams, records of daily activity at work and at leisure time, return to work, complications, NCS, and quality of life questionnaires. Some patient outcome questionnaires assess the whole upper limb function rather than the wrist alone e.g. the patient evaluation measure (PEM) 124 and the Disabilities of the Arm, Shoulder and hand (DASH) 125 . Short-Form-36 (SF-36) measures generic quality of life 126 . Whilst the only disease specific questionnaire that assesses both functional and activity and participation outcome measures is Boston Carpal Tunnel Questionnaire (BCTQ) 127 .
The role of NCS in predicting the outcome of surgery is not clear. In a randomized controlled trial, Schrijver et al compared the outcome measures for the severity of complaints with results of NCS and found that nerve conduction studies improved significantly at 12 months 128 . However, there was only a modest correlation between the improvement in NCS and relief of symptoms following surgery. The authors concluded that patients do not require routine nerve conduction studies following CTR. However, they have recommended the routine use NCS when studying the effects of treatment for CTS 128 . Several other studies have shown that NCS improve following surgery 129 . Rider et al used a patients rated survey, gap detection test and a rapid pinch and release task to evaluate the response following the carpal tunnel release. The authors found significant improvements in the performance of these tests within the short-term following surgery. He concluded that these tests are good alternatives to NCS in assessing outcome following surgery. The gap detection sensory thresholds test estimates minimum width needed for detection of gap on smooth work surface by probing with one finger 130 . The gap detection test measures the functional aspects of carpal tunnel syndrome e.g. detection of scratches and surface defects. The rapid pinch and release test measures psychosomatic performance in terms of speed and force control by using an Aluminum strain gauge dynamometer 131, 132 .
In a review of 28 randomized controlled trials of surgical treatment for CTS, Joersch-Herold et al noted that the selfreported symptom resolution, grip or pinch strength and return to work were the more frequently assessed outcomes measures. In addition, the authors noted that majority of the studies used quality of life measures such as SF-36 that measured the psychosocial impact of CTS. Authors concluded that the majority of the studies used outcome measures that mainly assess body structure and functional outcomes but not outcome measures of activity and participation 133, 134 . In a systematic review of 92 studies published over a period of 11 years, Gummesson et al noted that only 4.1% of studies reported outcomes on activity and participation. Furthermore, the studies which included health-related quality of life limited the outcome measure to number of days taken to return to work 134 .
The BCTQ questionnaire was first introduced in 1993 by Levine et al 135 . BCTQ is a carpal tunnel syndrome specific outcome assessment questionnaire. It assesses not only the severity of symptoms but also the functional status in patients who have undergone carpal tunnel release. The BCTQ questionnaire has two components. The first part is a Symptom Severity Scale with 11 questions. The second is Functional Status Scale with 8 items that are rated for degree of difficulty on a five-point scale. Each scale generates a final score that ranges from 1 to 5, with a higher score indicating a greater disability. BCTQ has been used extensively as an outcome measure following CTS treatment. It is highly reliable, reproducible and a valid outcome assessment tool. In a systematic review of 10 studies which examined the psychometric properties of BCTQ, Leite et al concluded that BCTQ is highly reliable, responsive, and should replace any other non-standardized methods of assessment 127 .
CONCLUSIONS
Occupational CTS is uncommon and it is essential to exclude all other causes particularly the intrinsic factors such as obesity before attributing it to occupation. The risk of CTS is high in occupations involving exposure to high pressure, The Ulster Medical Journal www.ums.ac.uk high force, repetitive work, and vibrating tools. The diagnosis of CTS should be based on symptoms and signs and nerve conduction studies. Surgery is the only treatment that provides cure in moderate to severe cases. Apart from early recovery and return to work there is no difference in the early and late complications and the outcome between open and endoscopic surgical decompression.
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